Abstract. The surgery theory of Browder, Lashof and Shaneson reduces the study of high-dimensional smooth knots n , ! S n+2 with 1 = Zto homotopy theory. We apply Williams's Poincar e embedding theorem to the unstable normal invariant : S n+2 ? ! (M=@M) of a Seifert surface M n+1 , ! S n+2 . Then a knot is determined by its complement if the Z-cover of the complement is (n + 2)=3]-connected; we improve Farber's work by one dimension.
commutes up to homotopy, if the knot is (q ? 1)-simple, n + 3 3q and n 5.
We prove Theorem B via Williams's Theorem 1.7. In our metastable range the Poincar e embedding M I , ! S n+2 of a Seifert surface is determined by its unstable normal invariant 2 n+2 ( (M=@M)). We construct another Poincar e embedding M I , ! S n+2 suggested by (Lemma 1.4), with the same unstable normal invariant (Theorem 1.6). Theorem 1.7 implies the two Poincar e embeddings are concordant. We use this concordance to construct the homotopy automorphism .
By the work of Browder, Lashof, Shaneson and Gluck Br1, Gl] , it is well known that Theorem B implies Theorem A for piecewise linear (PL) knots. In x2
we extend their work to smooth knots. Our proof requires Levine's result Le3] , that there exists highly connected Seifert surfaces. Together with Barratt B-R] , circa`82, we have a purely homotopy proof which uses Z-equivariant Hopf invariants and Ranicki's Ra] equivariant S-duality.
We conjecture that high-dimensional knots with 1 = Z are determined by their complements. If 1 Z, there exist counterexamples due to Cappell and Shaneson, Gordon, and Suciu C-S, Go, Su] . Theorem 1.6, which is true outside our range n + 3 3q, and the Appendix provide some evidence for this conjecture.
We have a homotopy theoretic proof Ri] of Theorem 1.7, completing a program of Williams's Wi2] , to prove the result using Browder-Quinn Poincar e surgery Br4, Qu] e i (t+1) x; t , using the standard action of S 1 = SO(2) SO(n+1) on S n . We de ne the di eomorphism of S n S 1 = lim ?! (S n I ? S n f 1g ? ! S n I) to be the identity on the left S n I and on the right S n I. We de ne the selfmap of A = lim ?! (M f 1g ! id ??? S n f 1g ? ! S n I) to be the identity on M f 1g and on S n I. Proof of Theorem B. Let n , ! S n+2 be a (q?1)-simple knot, n+3 3q, with knot complement X n+2 , and attaching map : S n S 1 ? ! X. Let ??! n 1 S 1 0 ???! n 2 S 1 ; where d 2 ? n+1 is a di eomorphism of n 1 , and e 2 ? n+2 is obtained from the identity map of n 1 S 1 by \connecting sum" with a di eomorphism of an (n + 1)-disk. We claim that @ extends to a di eomorphism of f @ : n 1 D 2 = ? ! n 2 D 2 .
Certainly ( 0 d The reason that the knot can be determined by both the unstable homotopy class and it's Hopf invariant 2 ( ) is that Williams's relation of concordance is stricter than the usual relation of isotopy, where one also allows di eomorphisms of M I arising from di eomorphisms of M. There is an EHP sequence interpretation of this fact, but we will not give it here. Theorem 3.1 thus provides some further evidence for our conjecture: the two Seifert surface Poincar e embeddings we consider are equivalent under a stronger equivalence relation than Farber's relation of isotopy.
